Chvostek's sign (CS) was investigated in 154 patients with seizures (epilepsy, n = 91; non-epileptic event, n = 41; febrile convulsion, n = 19; hypocalcaemic seizure, n = 3). Patients with febrile convulsions or non-epileptic seizures had either negative or mild CS. Marked CS was only found among those with the diagnosis of epilepsy or hypocalcaemia. Normocalcaemic patients had no other signs of neuromuscular hyperexcitability (NMH) while those with hypocalcaemia manifested positive Trousseau's sign (TS) and other signs of NMH. There was no significant correlation between CS and seizure control, epilepsy classification and EEG findings.
INTRODUCTION
Chvostek's sign (CS) is a non-specific sign of nerve sensitivity to a mechanical stimulus and it is evidence of neuromuscular hyperexcitability (NMH). A positive CS has been reported in normal individuals, hospitalised patients, those with hypocalcaemia or other disorders, such as migraine [1] [2] [3] . To our knowledge, it is not clear from these reports whether CS is mild or marked and literature on CS and childhood seizures is very sparse. In this prospective study, we investigated in detail the diagnostic value of CS in individuals with seizures. It was not the purpose of this study to specifically examine in detail epilepsy classification.
SUBJECTS AND METHODS
Children with a history of seizures were eligible for this study. Between October 2000 and October 2002, after verbal consent was obtained from the parents, we were able to ascertain 154 paediatric referrals from outpatients and hospital admissions for the study. The age range was 0.2-17.1 years and the sex ratio F:M = 70:84. Premature infants, patients with neonatal seizures and those with neonatal encephalopathy were excluded from the study. Clinical seizure diagnosis included clonic seizures (n = 35), tonic-clonic seizures (n = 60), hypokinetic seizures (unresponsive stares, including absence seizures) (n = 21), astatic seizures (n = 14) and many seizure types (n = 11). The remaining patients were referred because of nocturnal arousals or parasomnias of uncertain nature (n = 5), infantile spasms (n = 3), myoclonic seizures (n = 2), funny feelings on watching television (n = 1), 'breath holding' (n = 1) and unexplained abnormal behaviour (n = 1). All patients underwent full medical evaluation. Seizure classification was based on the ILAE Classification of epileptic seizures (1981) 4 , a diagnostic scheme for people with epileptic seizures and with epilepsy 5 , and descriptive terminology for ictal seminology 6 .
In each patient CS was examined by gently tapping the pes anserinus of the facial nerve over the soft part of the cheeks at the midpoint of a line joining the ear lobe and the labial commissure. Mild CS was defined as twitching confined to the angle of the mouth, while marked CS was defined as a twitching of the angle of the mouth, the eye and facial muscles. Trousseau's sign (TS) was examined in all patients by inflating a sphygmomanometer around the wrist area of the left hand to above systolic blood pressure for 3 minutes while observing the hand. Typical carpal spasm, which relaxes about 5 seconds after the cuff was released, was considered as positive TS. Other signs of NMH, if possible, including paraesthesia, muscle cramps, hyperventilation, cardiac arrhythmia and mitral valve prolapse, were searched for in all patients.
Blood samples for basic biochemical tests, including plasma adjusted calcium, magnesium, phosphate and bicarbonate, were obtained from all patients. Patients with abnormal plasma calcium were investigated further to identify defects of Vitamin D metabolism or parathyroid dysfunction. Brain imaging and EEG were also arranged according to the clinical findings. EEG abnormalities were classified into abnormal background, epileptiform discharges or both. The patients were regularly reviewed every 3-4 months. At each visit patients were re-examined for CS, other signs of NMH and seizure control. EEG and plasma electrolytes were repeated if clinically indicated. Clinical information and laboratory results were recorded for each patient according to the presence or absence of positive CS and statistically analysed using appropriate tests from the Statistical Package for the Social Sciences (SPSS).
RESULTS
CS was negative in 119 (77%) patients and positive in 35 (23%) patients (mild CS in 24 (16%), and marked CS in 11 (7%)). There was no significant difference in demographic data between CS positive and CS negative patients (Table 1) . Plasma electrolytes were normal in 151 patients, while hypocalcaemia, hypomagnesaemia and raised plasma phosphate were found in the remaining 3 patients with markedly positive CS ( Table 2 , see Appendix A). Seizure classifications in patients with negative or positive CS are illustrated in Table 3 . Subsequent evaluation of those with hypocalcaemia confirmed the diagnosis of primary hypoparathyroidism in two patients and pseudohypoparathyroidism in one. Physical examination of the patients with normal plasma calcium showed no signs of NMH. Patients with hypocalcaemia had positive TS, sweaty hands and marked hyperreflexia. In these patients, there was no clinical evidence of cardiac arrhythmia, mitral valve prolapse or hyperventilation. It was not possible to assess paraesthesiae or muscle cramps in these patients because of learning difficulties and their age.
On the first visit, EEG was arranged on 137 patients (Table 4 ). Brain imaging was performed on 84 patients (62 with negative CS, and 22 with positive CS). Brain imaging studies disclosed various abnormalities in only nine patients, of these, eight patients had negative CS and one patient had a mildly positive CS.
Follow-up
Eight patients (all with negative CS) were lost to follow-up. Of these, four had non-epileptic events and four had febrile convulsions. The remaining 145 patients were followed up for a mean period of 1.1 years.
CS became mildly positive in three patients (two with idiopathic partial epilepsy, one with febrile convulsions) with initially negative CS. Repeated plasma electrolytes, including adjusted calcium, in these patients remained normal and seizure control was satisfactory. EEG was repeated in one of the two patients, and it was normal. CS remained negative in the remaining 108 patients with initially negative CS. Seizure control was satisfactory in 78 patients. EEG was repeated in 32 patients, and it was normal in 18 and abnormal in 14 patients. CS remained mildly positive in 10 patients with initially mild CS. Seizure control was satisfactory in seven and poor in three patients. EEG was repeated in 5 of the 10 patients and it was abnormal in 1 and normal in 4 patients. CS became negative in 12 patients with initially mild CS. Seizure control was satisfactory in 11 and poor in 1 patient. EEG was repeated in six patients, and it was normal in one and abnormal in five patients. CS became marked in the remaining two patients with initially mild CS. Seizure control was satisfactory and repeated plasma electrolytes remained normal in both patients.
CS became negative in 3 of the 11 patients with initially marked CS. Seizure control was satisfactory in all. EEG was repeated in two patients and it was normal in one patient and abnormal in the other patient. CS remained markedly positive in the remaining eight patients with initially marked CS, and seizure control was satisfactory in all. EEG was repeated in five patients and it was abnormal in three (two patients with low plasma calcium), and it was normal in the other two patients (one patient with low plasma calcium). Diagnosis of hypocalcaemia was suspected in 35 patients on the basis of a positive CS although low adjusted plasma calcium was found in only three patients with initially marked positive CS. Further evaluation confirmed primary hypoparathyroidism in two patients and pseudohypoparathyroidism in one patient. These patients received anti-epileptic drugs before hypocalcaemia was detected although in retrospect it was felt their seizures, learning difficulties and behavioural problems were directly attributable to hypocalcaemia rather than epilepsy. Hypocalcaemic patients manifested many seizure types, including febrile convulsion, hypokinetic (non-responsive stares, including absence) seizures, clonic seizures, tonic-clonic seizures and status epilepticus. They also exhibited neurological deficits, such as weakness, tremor, ataxia and falls in the acute phase, but not after correction of hypocalcaemia. Interictal EEG showed various abnormalities, including bursts of generalised high voltage waves or large amount of bilateral regular and irregular slow waves with or without epileptiform discharges. Voluntary hyperventilation elicited an increase in voltages or more bursts of the above abnormalities. Therefore, seizure history, electrophysiological and brain imaging studies all seem to indicate that the hypocalcaemic patients had symptomatic epilepsy. As reported in the literature, hypoparathyroidism and epilepsy may share electroclinical findings 7, 8 and some have even proposed that 'parathyroid epilepsy' constitutes an important cause of epileptic seizures 9 . EEG abnormalities, as in this report, have been documented in hypoparathyroidism and hypocalcaemic seizures [10] [11] [12] [13] [14] [15] . Hypoparathyroidism can therefore be a cause of symptomatic epilepsy.
Normocalcaemic patients with positive or negative CS manifested no other signs of NMH, while those with hypocalcaemia had other signs of NMH, including positive TS, sweaty hands and hyperreflexia. With restoration of normal plasma calcium in those with hypocalcaemia, seizure control was satisfactory; TS became negative and other signs of NMH returned to normal. However, CS became negative in one patient (pseudohypoparathyroidism) and remained markedly positive in the other two patients (hypoparathyroidism). Even though repeated EEG remained abnormal in two patients (one with hypoparathyroidism and one with pseudohypoparathyroidism), and became normal in the remaining patient (hypoparathyroidism). Therefore, there was no significant correlation between seizure type, seizure control and CS among patients with negative or positive CS. There was also no significant correlation between CS and the EEG findings (normal, background abnormalities or epileptiform activities all occurred).
CONCLUSION
This study confirmed that positive CS might occur with normocalcaemia as well as with hypocalcaemia. Patients with hypocalcaemic seizures all showed marked CS, positive TS, sweaty hands and hyperreflexia. After return of the plasma calcium to normal, TS became negative but CS remained positive. A markedly positive CS was also found in a proportion of normocalcaemic patients with epilepsy. However, febrile convulsions and non-epileptic seizures were seen only in patients with negative or mildly positive CS. This suggests, as reported in the literature, that TS seems to be more specific for hypocalcaemia. CS, particularly in individuals with epilepsy, might reflect a central or peripheral mechanism that might not always be related to abnormal plasma calcium.
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APPENDIX A INDEX CASE REPORT Case I
This girl was presented at the age of 5 years with tonic-clonic seizure. Interictal EEG showed bursts of generalised high amplitude spikes and wave discharges of short duration anteriorly predominant particularly on hyperventilation. In view of these findings, she was started on sodium valproate, although she continued to have seizures. She was reviewed in the outpatient paediatric clinic. Further questioning revealed that she had initially two febrile convulsions and nine afebrile tonic-clonic seizures. She also had known to have mild learning difficulties and abnormal behaviour. Her examination disclosed marked CS, positive TS, sweaty hands, hyperreflexia with normal planter response, muscle weakness and poor co-ordination. There was no evidence of deafness, renal dysplasia, polyglandular endocrinopathy, candidiasis or ectodermal dysplasia. Investigations revealed hypocalcaemia and undetectable PTH (Table 2) . She was started on calcium Sandoz and Alpha-Calcidol. Sodium valproate was discontinued. Two years follow-up showed positive CS, negative TS and no seizure. Her school performance and behaviour had been improved dramatically, and she had normal serum electrolytes. Repeated EEG showed similar abnormal abnormalities.
Case II
This boy presented at the age of 7 years with unusual posturing of his left arm that was followed by prolonged tonic-clonic seizure. Interictal EEG showed generalised disorganised background with large amount of regular and irregular slow theta and delta waves widely spread over both hemispheres. In particular, there were no epileptiform discharges. Hyperventilation elicited an increase of theta and delta waves in both amount and amplitude. There were no epileptiform activities. Epilepsy was clinically suspected and he was started on carbamazepine, although he continued to have seizures. Further questioning revealed that he had 1 febrile convul-sion and about 20 afebrile tonic-clonic seizures. Eight months after his initial referral, he was readmitted with a marked unsteady gait and prolonged tonic-clonic seizures. Carbamazepine blood level was 0.7 umol/l (17-50), therefore, a case of poor compliance was considered. School and his mother were given written instruction on how to give his medication strictly. His seizure control was poor hence sodium valproate was added to his carbamazepine. School report disclosed that he exhibited frequent absence spells lasting about 30 seconds and his ability to write had severely deteriorated. Therefore, he had been moved to attend a school for special needs. His examination disclosed sweaty hands, marked CS, positive TS, hyperreflexia with normal plantar responses, muscle weakness, body tremor and poor co-ordination. There was no evidence of deafness, renal dysplasia, polyglandular endocrinopathy, candidiasis or ectodermal dysplasia. It was also found that although serum electrolytes had been requested a few times, serum calcium, magnesium and phosphate had never been checked. Repeated investigations showed hypocalcaemia and undetectable PTH ( Table 2) . His seizures responded to intravenous calcium infusion and he was discharged on calcium Sandoz, magnesium glycerophosphate and Alpha-Calcidol. Both sodium valproate and carbamazepine were withdrawn separately. He was reviewed every 3-4 months. Follow-up for 3.5 years showed satisfactory seizure control, school performance, behaviour had improved dramatically and his plasma calcium, magnesium and phosphate remained acceptable. Nine months later, an EEG was repeated and showed that the background cerebral activity is generally disorganised. There were no focal, lateralised or specific epileptiform discharges. At this stage, examination showed marked CS, negative TS and brisk tendon reflexes. Serum electrolytes, including plasma calcium, magnesium and phosphate, remained normal. Two years since admission repeated EEG was normal. At this stage, CS remained markedly positive, TS remained negative and tendon reflexes were normal.
Case III
This girl was admitted at the age of 4 years with complex febrile convulsion. Two week later, EEG was performed and showed runs of mixed frequency slow activity at 3-7.5 cycles/second in the left mid-temporal region that was spreading to the left posterior and fronto-temporal region, reaching up to 160 µV in amplitude. Hyperventilation elicited an increase in voltage of all activities. In view of her seizures and abnormal EEG, she was started on carbamazepine. She was seen, 1 month after initial admission, because of poor seizure control and a generalised tonic-clonic seizure lasting for about an hour. Further questioning revealed that she was known to have learning difficulties, absence spells and aggressive behaviour. A dietician had followed her up from the age of 2 years for her obesity. Examination showed marked positive CS, positive TS, sweaty hands, hyperreflexia with negative plantar response, muscle weakness, poor co-ordination and rounded face. Investigations disclosed hypocalcaemia and raised serum PTH (Table 2) . She was therefore started on calcium Sandoz and Alpha-Calcidol. Carbamazepine was withdrawn. She was reviewed every 3-4 months. Follow-up for 2 years showed satisfactory seizure control, school performance and behaviour had improved dramatically and her plasma calcium, magnesium and phosphate remained acceptable. Eight months after admission, EEG was repeated and showed multifocal and generalised epileptiform abnormalities over both hemispheres (bifrontal and occipital). At this stage, examination showed negative CS and TS. Fourteen months later, EEG was repeated and showed marked improvement with a normal background and considerable reduction in epileptiform discharges. At this stage, CS and TS remained negative and tendon reflexes were normal.
